ABSTRACT. Complex social-ecological systems (SES), especially systems with common pool resources, often exhibit system dynamics characterized by emergence, where system properties cannot be fully explained by input variables. This causes challenges when it comes to explaining resource use problems because problem dynamics can differ from case to case despite similar input variables. Archetype analysis with its focus on identifying building blocks of nature-society relations might provide a means to tackle emergence and complexity in the analysis of resource use problems in SES. Using data from inter-and transdisciplinary research investigating comparative case studies on common village pasture management in the Caucasus region, we use the archetype approach with a focus on system archetypes that place particular emphasis on recognizing recurrent structures and internal dynamics. We apply three system archetypes, the Tragedy of the Commons, Shifting the Burden, and Success to the Successful, to different aspects of interlinked management problems that occur repeatedly in the case study data. Using SES variables characterizing the cases, we discuss variable combinations that may trigger specific dynamics. Moreover, we explore interlinkages between archetypical problems and discuss possible solutions based on self-governance. We find that the archetype approach with a focus on system archetypes resulted in consistent explanations of problem dynamics leading to important additional insights into root causes and internal archetypical dynamics compared with existing knowledge. Regarding problem solutions and policy recommendations, we show that viewing archetypical problems as interlinked in their actual case-study context leads to different recommendations than when each archetype is viewed on its own.
INTRODUCTION
Complex social-ecological systems (SES) often exhibit system dynamics characterized by emergence, where system properties, like state or output variables, cannot be fully explained by input variables (Trosper 2005) . Systems encompassing common pool resources are particularly complex because the SES involves multiple users and nested governance structures. Following the work of Ostrom (1990) , a multitude of case studies have been conducted to analyze problems, patterns, and determinants of sustainable use in common pool resource systems. Whereas the SES framework (Ostrom 2009 ) already provides guidance on analyzing all components of a system in a structured way in order to make case-specific data comparable, approaches for metaanalyses and building explanatory models lag behind. Emergence and complexity cause particular challenges for unravelling resource use problems and their causes because problem dynamics might differ from case to case despite similar input variables. Thus, a stronger focus on the system itself and its dynamics is necessary while input variables might be relegated to important factors.
The archetype approach with a focus on system dynamics might thus provide a means to tackle emergence and complexity in the analysis of resource use problems in SES. The archetype approach aims to identify "building blocks of society-nature interaction that reappear in multiple case studies" (Eisenack, Lüdeke, and Kropp 2006:1, unpublished manuscript, https://www.unioldenburg.de/fileadmin/user_upload/wire/fachgebiete/envdev/download/ arch-eisenack3.pdf). In keeping with this understanding, archetypes can explain the outcomes of particular factor combinations. Several archetypes might occur simultaneously in one case or represent rival outcomes of slightly different factor combinations. Therefore, the archetype approach can bridge the gap between case-specific constellations and grand theory by allowing a medium level of abstraction and multiple constellations of attributes and outcomes (Eisenack et al. 2019) . Thus, the complexity of problems can be taken into account without the need to find a "one size fits all" explanation. Approaches to identify archetypes have been conducted for different units of analysis and using qualitative or quantitative methods (Václavik et al. 2013 , Oberlack et al. 2016 , Hartel et al. 2018 , Oberlack and Eisenack 2018 , Vidal Merino et al. 2018 ; see also Oberlack et al. 2019 for further references).
We use the archetype approach with a focus on system archetypes that aim at recognizing recurrent structures and internal dynamics of a system (Senge 2006) . Instead of describing linear causal relationships, system researchers focus on feedback loops producing and explaining particular characteristics of the system. Thus, the approach is especially suited to tackling characteristics of emergence. System archetypes are defined as basic, recurrent patterns of feedback loops in the system that can produce similar dynamics in different contexts (Wolstenholme 2004 , Senge 2006 . Until now, up to 10 system archetypes are described in the literature (Kim and Anderson 1998) , among them, e.g., Tragedy of the Commons, Drifting Goals, or Fixes that Fail. These have already been applied to explain different environment and resource-related problems in social-ecological systems (e.g., Prusty et al. 2014 , Brzezina et al. 2017 , and also to land use changes (Banson et al. 2016 , Turner et al. 2016 , Tenza et al. 2017 . These authors mainly analyzed single case studies, while multiple and comparative case studies using system archetypes have not been, to the best of our knowledge, yet conducted. Thus, none of The archetype analysis using system archetypes is employed to disentangle problem dynamics of complex SES using the example of common pasture management in the postsocialist Caucasus region. As in several countries of Central Asia, different pasture management problems ranging from severe degradation to underuse are prevalent there (Behnke 2008 , Neudert et al. 2015 , Raaflaub and Dobry 2015 . In the Caucasus region, after severe declines in the 1990s, livestock numbers have been increasing since 2000, leading to an overall scarcity of pasture resources. In combination with unsustainable pasture management practices and climate change problems, pasture degradation and erosion increased (Neudert et al. 2015 , Raaflaub and Dobry 2015 , Shatberashvili et al. 2015 . Pasture systems have already undergone far-reaching shifts in management in the postsocialist period and a range of policy options allegedly enabling sustainable management are still under discussion (Bassett 2009 , Kerven et al. 2012 , Notenbaert et al. 2012 , Yu and Farrell 2013 , Basupi et al. 2017 . However, common management as a one size fits all solution does not seem feasible (Neudert 2015a , Moritz et al. 2018 .
In an interdisciplinary analysis of comparative case studies, we apply the existing system archetypes, e.g., Tragedy of the Commons or Fixes that Fail to the context of common village pasture management to unravel the internal dynamics and feedbacks of different pasture management problem aspects. Drawing on the archetype definition of building blocks, we also explore how different problem aspects are linked and contribute to the overall dynamics in the system. Using this system understanding of pasture management problems, we identify possible interventions for breaking negative feedback loops. No study so far has applied archetype analysis or system archetypes to pasture use or pasture management problems. Thus, in this paper we go beyond existing studies by applying system archetypes to the social-ecological system of common pasture use to characterize recurring problems of pasture management.
To achieve an interdisciplinary understanding of common village pasture management and to systematically address contextual factors and outcomes, we frame common village pastures as complex social-ecological systems and use the variables of the SES framework (Ostrom 2009 ). Employing the SES variables also makes it possible to address contextual factors and outcomes in a systematic way and thus facilitates the exploration of linkages between context, problem dynamics, and outcomes. One factor well known for influencing governance of pasture resources is scarcity (Bromley 1991) . In addition, economic and cultural factors might play a role (Neudert 2015a; Salzer, Neudert, and Beckmann, unpublished manuscript) . By comparing case studies in two Caucasian countries, Azerbaijan and Georgia, selected along a gradient of resource scarcity, we explicitly consider these factors as potentially influential for the occurrence and severity of management problems.
ANALYTICAL APPROACH AND METHODOLOGY
Application of the archetype approach and system archetypes A systems model focuses on causal and feedback relations and explains the system's behavior over time (Senge 2006) . The basic components of systems are feedback loops, producing either reinforcing or balancing dynamics (Fig. 1) . Reinforcing feedback loops consist either of only positive causal relationships or an equal number of negative causal relationships and produce accelerating system dynamics. In contrast, balancing feedback loops involve an unequal number of negative causal relations that cause the system to persist in a certain state. The dynamics might also be influenced by delays, describing a time lag or only partial connection in a causal relationship. Although quantitative modeling is also possible, the conceptualization of system dynamics and the design of a qualitative model is crucial for understanding the system (Luna-Reyes and Andersen 2003). Fig. 1 . Basic structures of system archetypes: positive (+) and negative (-) connections. Only positive connections or an equal number of negative connections produces a reinforcing feedback loop (R1) while an unequal number of negative connections results in a balancing feedback loop (B2). The delay mark (II) indicates a time lag or partiality in connections System archetypes, defined as "certain patterns of structure [that] reappear again and again" (Senge 2006:93) , consist of a combination of balancing and/or reinforcing feedback loops and, because of their generic structure, can be applied to a variety of contexts. They are particularly useful in explaining counterintuitive results and unintended consequences of wellintentioned actions (Wolstenholme 2004) . Because system archetypes focus on reappearing problem structures, several archetypes may occur in one case at the same time. Until now, up to 10 system archetypes are described in the literature (Kim and Anderson 1998) , among them, e.g., Tragedy of the Commons, Drifting Goals, or Fixes that Fail.
System archetypes are a useful approach for identifying "building blocks of society-nature interaction that reappear in multiple case studies" (Eisenack, Lüdeke, and Kropp 2006:1, unpublished manuscript) . The archetype approach in the sense of Oberlack et al. (2019) is defined as an approach aiming to functionally classify outcomes of social-ecological systems. Thus, a middle range of abstraction can be achieved, filling the gap between overarching theories and case study data. Hence, in principle, the approach is compatible with any framework, theory, or method. System archetypes are one approach to archetype analysis that has been used already for pattern identification, diagnosis, and scenario development (Oberlack et al. 2019) . Sietz et al. (2019) review different methodological approaches to archetype analysis ranging from qualitative to quantitative approaches. Among the qualitative methods for archetype analysis, our approach can be classified as an expert/stakeholder https://www.ecologyandsociety.org/vol24/iss3/art5/ assessment, which is particularly applicable to identify causal mechanisms and to derive normative statements, in our case about the sustainability of pasture management . It is particularly suitable to incorporate complex, interdisciplinary case study data like ours. For the archetype analysis, we draw on six case study villages, while several pasture management problem archetypes can reappear in each case. No straightforward method is described for the identification and application of system archetypes, but rather iterative and multistep processes are recommended (Luna-Reyes and Andersen 2003, Gharajedaghi 2011 ). In our case we applied system archetypes in an inter-and transdisciplinary multilevel analysis of six cases from two different countries in one geographical region.
Starting with individual, disciplinary data and analysis as input, the team of researchers engaged in an interdisciplinary analysis for identifying cause-and-effect relationships centering around pasture condition and management, contrasting the different case study villages. To facilitate interdisciplinary communication and the comparative analysis, during this first step we applied the social-ecological systems (SES) framework to common village pasture use in the Caucasus region (Ostrom 2009, McGinnis and Ostrom 2014) . The framework has been widely used for analyzing resource use problems in an interdisciplinary way and is particularly helpful in creating a common language between researchers from multiple disciplines (Cox 2014 , Mee et al. 2015 , Williams and Tai 2016 . We adapted the second-level variables as defined by Ostrom (2009) , as presented in Table A1 .1. This step also involved a cross-check and triangulation of data from the different collection methods. In the results, we refer to the SES variables by short indicators in brackets, e.g., ECO1 or U2.
In a second step, results on system components for each case study village were discussed in half-day participatory presentation and discussion sessions with the villagers to obtain feedback on identified cause-and-effect relationships (Luna-Reyes and Andersen 2003) . Moreover, we engaged in discussions on how to improve pasture condition. Input from these discussions was subsequently reflected upon within the research team and included in the interdisciplinary analysis.
In a third step, the research team worked in several sessions iteratively toward the identification and verification of important cause-and-effect relationships by rearranging, synthesizing, and reducing complex data. Thus, a simultaneous understanding of the system structure, processes, and modifying factors could be achieved (Gharajedaghi 2011) . Emerging elements and relationships were tested against evidence from the researchers' own disciplinary data and background knowledge, as well as villagers' statements from discussion sessions in the field. This partly involved a further analysis of disciplinary data with regard to specific interdisciplinary questions arising in the process. Although the first steps were done by creating mind maps and causal loop diagrams with moderation material on paper, later steps were conducted using Vensim modeling software (Vensim PLE software, Version 7.2a).
After achieving an interdisciplinary understanding of the complex system as a whole, specific recurring patterns and problem constellations became apparent. Descriptions of system archetypes were now discussed and used as lenses for identifying and unravelling the dynamics leading to the recurring problem constellations Lannon 1997, Kim 2000a, b) . Dynamics were further tested and discussed within the research team to reflect the essentials of systemic behavior in the case studies (Kim and Lannon 1997) . We finally selected three system archetypes for application (Tragedy of the Commons, Shifting the Burden, and Success to the Successful). Within the research team we saw potential to apply other system archetypes, e.g., Fixes that Fail, which could be applied in a slightly different way from the Shifting the Burden archetype. Other archetypes, e.g., Growth and Underinvestment could not be reasonably applied to pasture management problem dynamics in our case studies. Thus, the three selected archetype applications represent the most prevalent problem dimensions in village pasture management that recur in multiple case studies. Moreover, the selected archetypes provide coherent insights into problem dynamics consistent with data available for each case.
Finally, in a last step, based on the preceding discussions with villagers, the research team discussed how to design interventions to address the underlying systemic dynamics leading to problems Lannon 1997, Stroh 2015) . In system dynamics logic, this is made possible by breaking or adding links, or shortening delays (Kim and Lannon 1997) . All measures should aim at designing high-leverage interventions, which have high potential to change system dynamics by targeting crucial system mechanisms (Stroh 2015) . All interventions designed for the applied archetypes aim at developing self-governance as one potential way to approach sustainable resource management (Ostrom et al. 1999) . Self-governance is interpreted in a wide sense, which may include supporting interventions by the government or the design and consolidation of nested governance structures across scales. As alternative approaches the researcher team discussed the design and enforcement of externally designed rules and the privatization of common pastures (Acheson 2006) . Potential pitfalls and opportunities of these policy options have been discussed in detail in many contexts, including natural resource management (Cox 2016 ), yet matching policy options to the context seems to be most important (Acheson 2006) . Considering government control we argue that because of the fragility of state governance in the Caucasus region and the failure of centralistic resource management approaches in the past, this option does not have high potential for sustainably governing natural resource use in the region. The privatization of common pastures is realistically discussed as a policy option by the Georgian government but heavily opposed by villagers. Mounting evidence shows that privatizing common pastures avoids some problems, but leads to others (Neudert 2015a ).
Thus, after a careful consideration of policy options and in accordance with the opinion of local stakeholders, we concentrated on designing options aimed at strengthening selfgovernance. Possible actions or attempts to design measures for resolving problems are described following the archetype characterizations. Finally, we abstracted a self-governance solution archetype.
Case study selection
We focus on Azerbaijan and Georgia as two adjacent South Caucasian countries with a postsocialist transition background. Our study regions are the neighboring regions Kakheti in Georgia and Ganja-Gazakh in Azerbaijan (Fig. 2) The study is based on a comparative case study approach because this allows the use of qualitative and quantitative data from different disciplines, with results being achieved by triangulating and combining data (Yin 2003) . Our unit of analysis is the village because a delimitation of pasture resources and corresponding user groups is feasible at this level. We selected three case study villages located in different districts in each country. Therefore, our case study exceeds the minimum requirement of four cases for identifying valid recurring patterns for the archetype approach (Eisenack et al. 2019) . Additionally, the cases allow an analysis of differences between Georgia and Azerbaijan as well as different levels of resource scarcity. Our selection criteria for study villages were the following: (1) Location in an altitudinal belt between 650 and 1600 m a.s.l., which delimits the zone where common pasture use has a substantial share in land use. (2) Villages vary according to the village pasture area per household depicting pasture scarcity and arable land area per household indicating potential alternatives to pasture use in arable farming. The indicators were calculated based on statistical information. (3) Villages differ in remoteness and in infrastructural conditions, as indicated by the distance from district centers and the presence of an asphalt road to the villages. (4) As a last step we considered whether the village population and administrations were open to the presence of researchers (Allahverdiyeva, Bregvadze, Didebulidze, et al. 2015 , unpublished manuscript, https://www.researchgate.net/ publication/329269094_Baseline_Study_of_Co4_project_final_report). Figure 2 and Table 1 present the finally selected villages and the selection criteria.
Data basis
Data was gathered and analyzed by an interdisciplinary and multinational team of researchers with diverse methods in several fieldwork periods over two years. Researchers brought in expertise from diverse fields ranging from ecology and animal husbandry to economics, institutional economics, and ethnology. All data collection took place in the case study villages (Table 1) .
Rapid rural appraisal study
In 2015 the team conducted an exploratory study investigating pasture use, management, and condition (Allahverdiyeva, Bregvadze, Didebulidze, et al. 2015, unpublished manuscript) borrowing methods and tools from the rapid rural appraisal approach (Freudenberger 2008) , farm economic methods (Kay et al. 2012) , and applied pasture monitoring methods (Etzold and Neudert 2013) . The team spent one to four days in each of the case study villages. For researchers not proficient in the local languages, interviews were consecutively translated into English.
Socioeconomic information
In order to understand the incentives and motivations for livestock keeping in individual farm households of the case study villages, data on assets, income sources, and livestock keeping practices was gathered with a structured questionnaire (Benedetti et al. 2010 , Nuthall 2011 . In total, 392 face-to-face interviews were obtained from livestock keeping households (see Table 2 ). Because of the absence of reliable information on the household population, a convenience sample with a high sampling rate was chosen (Bailey 1978) . Data were analyzed using quantitative approaches with Microsoft Excel and SPSS (Schwetz et al. 2013) .
Economic field experiments
We used a framed field experiment approach (Cardenas et al. 2000) to assess the capacity of village households to solve common-pool resource management problems in a game setting. The experiments are based on a protocol of rangeland and fishery experiments (Cardenas et al. 2008 , Prediger et al. 2011 . In each session, each of five players could decide to "graze" one of the two game pastures with a grazing intensity level (no grazing, low and high intensity). Grazing one pasture with more than a previously set maximum total stocking rate resulted in the degradation of the game pasture, while the formerly good state could be reestablished by resting the pasture for two rounds. Thus, the design takes into account the resource limit, intertemporal grazing dynamics, and nonlinear payoffs, which also characterize grazing on village pastures. The experimental design was adapted to the local situation and extended by a questionnaire and participant observation.
Each field experimental session consisted of two parts with different treatments, which was not communicated to the players in advance. The first 10 rounds were conducted without communication; for the other 10 rounds players were allowed to communicate and agree on a strategy, and, if desired, further communicate throughout the following rounds. In total, the sample size amounted to 43 experiments; hence, in total 215 players participated (Table 2) .
Pasture governance
Pasture governance is investigated drawing on institutional economics approaches and qualitative research methods (Atteslander 2000). After identifying stakeholders in pasture use and administration in a stakeholder analysis (Aaltonen 2011), the institutions, i.e., the rules and regulations of pasture use (North 1990) were investigated in more detail. Laws and regulations concerning pasture governance were assessed in a review of laws and decrees and through semistructured interviews with relevant local and regional administrations. Information on actual practices of pasture use and implementation of formal rules was gathered in qualitative interviews with villagers selected to represent the relevant stakeholder groups. Data was analyzed using a qualitative approach with the software Atlas.ti using a mixture of descriptive and process coding (Miles and Huberman 1994) . In total, 150 interviews were conducted in all case study villages with different stakeholder groups (Table 2) .
Ecological data
To collect data on properties relevant for pasture productivity and condition, we adapted the methodology of Etzold and Neudert (2013) developed as a comprehensive tool for assessing pasture condition and management in the Caucasus. For all six village pasture territories a random selection sampling design was developed by means of a Geographic Information System (GIS; Etzold et al. in preparation) . Exact village pasture borders were only known in the Azerbaijani case study villages, while for the Georgian ones approximate borders were drawn.
Field measurements and estimations on the selected plots took place on a 10 x 10-m area. Information collected encompassed on the one hand physical site parameters not alterable by human or livestock-related impact (first column in Table 3 ), which are used for assessing potential erosion on the particular site in a Susceptibility to Erosion-Index (SEI). On the other hand, parameters that can be affected by humans and livestock were collected representing erosion phenomena and the state of the vegetation in a Pasture Degradation Index (PDI; second column of Table 3 ). Additionally, coarse information on vegetation composition, e.g., share of woody plants, was collected. In total, 220 plots were assessed on the Azerbaijani and 206 on the Georgian village pasture territories (Table 2 ).
All data was entered into MS Excel and processed with the statistical platform R 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria). From four variables (inclination, aspect, slope position, and configuration) the Topographic Relative Moisture Index (TRMI 0-60, 0 = low, 60 = high moisture availability; Parker 1982) was derived. Furthermore, the two indices (Table 3) were calculated following a scheme explained in detail in Etzold and Neudert (2013) where weighted scores get assigned to each measured or estimated value. In contrast to the original source both indices were altered to suit the local situation (Etzold, Merabishvili, and Quliev, unpublished manuscript) .
No direct measurements of pasture productivity were conducted, e.g., phytomass harvests, ideally from exclosure experiments. However, assessed information indirectly suggests differences in the productivity of the six village pastures. Because none of the respective villages hosts a climate station, information was retrieved from freely available projected climate data (https://en. climate-data.org).
RESULTS
The village pasture social-ecological system Land use governance in Azerbaijan and Georgia is strongly affected by the postsocialist socio-political restructuring process of the past 25 years (S1). Former socialist collective and state farms' land and agricultural machinery was distributed to households following land reforms (Lerman and Sedik 2010, Mushkelishvili et al. 2012 ) and new governance forms had to be designed and implemented. Despite the fact that agriculture is still an important source of income in rural areas, it still relies mainly on comparatively small farm-household structures and suffers from productivity and efficiency problems (Lerman 2006) . Livestock numbers in both countries decreased markedly in the immediate transition period (Didebulidze and Plachter 2002) , but later began increasing (S2). Especially in Azerbaijan, sheep numbers are heavily increasing because of high availability of capital, high prices for sheep meat, and cultural preferences for locally slaughtered sheep (Neudert 2015b Table 3 . Main parameters assessed on 10 x 10-m plots and their assignment to two indices after Etzold and Neudert (2013) Susceptibility to Common village pastures are spatially defined according to administrative maps and the presence of a common use system. The size of different village pasture areas is shown in Table 1 (RS3). All case study villages are located in the temperate humid forest zone, providing predictable, though markedly seasonal fodder production (RS5, RS6, RS7). Snow cover makes grazing impossible during the winter months, and the grazing season is longer in villages located at lower altitudes. The grazing season, as stated by villagers, ranges from 190 to 250 days.
For assessing the productivity and potential stocking rate (RS5, RU2, RU5), we used several indicators because no direct measurements are available (Table 4) . Because annual precipitation in the three Georgian villages is considerably higher, plants are better provided with water, and therefore also their regeneration ability after disturbances is higher. Consequently, this most likely results in higher productivity and hence higher fodder availability (RS5). Actual water availability to vegetation and hence regeneration ability is also driven by the topography of a site as expressed by the Topographic Relative Moisture Index (TRMI). Differences between different villages are mostly not significant, although variation between different sites, e.g., southern and northern slopes, is considerable (RU7). An indirect measure of productivity is mean vegetation height. Although it is interlinked with grazing pressure (stocking rate) it is remarkably higher in Georgia, which might be partly due to the abovementioned precipitation levels.
For potential stocking rates and the stocking capacity, only approximate values are available (RU5). Governmental regulations in Azerbaijan prescribe a stocking rate of 1-8 sheep per hectare for village pastures depending on plot quality (Ministers' Cabinet of Azerbaijani Republic 2000, Aliyev 2007). The Georgian legislation, e.g., the Law on Soil Protection, requires proper use according to the "established allowed maximum headcount," but exact maximum stocking rates are not defined ("Law of Georgia on Soil Protection," issued 12. 05.1994 , amended 19 November 2002 , No. N 1751 . However, because of the higher precipitation and higher mean temperatures in the Georgian villages, slightly higher maximum stocking rates can be expected for Georgia.
Common village pastures are currently administered by the state in both countries (GS1), although governance approaches differ substantially. In Azerbaijan, common village pasture land is administratively placed under the responsibility of the local self- administration authority (Belediyye; "Law on Status of Local Self-Administration," No. 698-IQ, issued 2 July 1999). Actual management responsibilities are placed in the hands of the village population without further provisions. In practice, village assemblies may serve as the relevant decision-making units (GS6) while a mediating and facilitating role is assigned to the local selfadministration authority (GS7).
In Georgia, the governance of land and pasture resources is still being reorganized. Since 2008, common village pasture land is administered by the Ministry of Economy and Sustainable Development (GS1) because privatization of pasture resources is planned (Mushkelishvili et al. 2012) . The local administrative bodies have no legal responsibilities regarding pasture resources and there are no legal provisions for management in place (GS6, GS7). It is still unclear how common use can be dealt with in a possible privatization process (Neudert, Theesfeld, Didebulidze, et al., unpublished manuscript) . Therefore, the formal property rights assignment for common pastures in Azerbaijan can be described as a comanagement between the local selfadministration authority and the village population, whereas for Georgia the situation is currently an open access regime without management authorities and rules (GS4; Neudert, Theesfeld, Didebulidze, et al., unpublished manuscript) .
The main users of common village pastures are households resident in the case study village, who are smallholders characterized by diversification of income sources (Ellis 1988 Hardin (1968) using the example of pasture resources, but the problem dynamics can be generalized to open access resources of any type with high use pressure.
The archetype consists of four reinforcing and two balancing feedback loops, applying equivalently to two pasture users A and B: The positive net gains incentivize each participant to use the pasture more intensively as long as the overall use rate is within the village pasture limit (R1 and R2 in Fig. 3) . Thus, the higher A's village pasture stocking, the higher the net gain for A from using the common village pasture. A higher net gain will again incentivize A to increase his village pasture stocking. Additional users might become interested in the pasture as well. However, if the resource is used beyond its limits and gains decrease, users often respond with intensifying resource use (R3 and R4), thus accelerating overuse and the depletion of the resource (Kim 2000b) . On the contrary, reduced gains per individual activity also reduce the individual net gains, which might lead to a reduced individual resource use, thus creating balancing feedback loops (B5 and B6). Depending on the relative strengths of the feedbacks, the resource might be partly or completely depleted. For investigating whether the Tragedy of the Commons archetype is present in the case study villages, we look at the stocking rate on village pastures, pasture quality, and perceptions of pasture quality based on case study material. An indicator of the state of the system is the stocking rate, which is calculated by dividing the total village pasture stocking by the village pasture size. Because users consist of many individuals who can be assigned to different stakeholder groups, we calculated actual stocking rates based on actual access, number of households and livestock numbers from survey data (Fig. 4 , calculation in Table A2 .2; combination of U1, U2 and RS3). In all villages except Atabey, the grazing pressure is higher than the recommended maximum eight sheep units/ha for Azerbaijan (RU5). Because the stocking rates for Gombori and Shakhvetila are only slightly higher than the recommended stocking rate and pasture productivity (RS5, RU5) is expected to be higher for the Georgian villages, the actual stocking rates might be still below stocking capacities for these two villages. Severe overstocking occurs only in Plankend and Arashenda. This is where the size of the village pasture in relation the number of households is very small (Table 1) . Fig. 4 . Grazing pressure on pastures in the case study villages by different stakeholder groups.
The actual pasture quality was measured by ecological investigations using the Pasture Degradation Index (PDI) reflecting the current pasture condition on plots by uniting parameters representing erosion phenomena and the state of the vegetation (O2). As shown in Figure 5 , surprisingly according to this index the pastures of Gombori and Shakhvetila display in comparison the worst values despite the hypothesis that more advantageous climatic conditions here allow for better regeneration potential. Also, degradation phenomena would be expected to be less harsh (RU2) and the actual grazing pressure is less than in Arashenda and Plankend. We will come back to this evidence when discussing the Success to the Successful archetype. Apart from the results for these two villages, a slightly decreasing pasture quality with increasing use pressure can be noted for the Azerbaijani case study villages. Furthermore, regression tree analyses clearly reveal strong correlations between a smaller distance of a plot to the village (hence the likelihood of livestock frequentation) and a higher PDI or more frequent erosion and browsing tracks. In addition, these analyses point out that patterns of erosion phenomena and the general state of the pasture (PDI) are strongly influenced by topography, i.e., that on southern and steep slopes pasture condition is worst (Etzold, Merabishvili, and Quliev, unpublished manuscript) .
In addition to the ecological assessment of pasture condition, we asked villagers for their perception of pasture condition and pasture scarcity (O2). In Arashenda and Keremli, villagers assessed the pasture quality as good, but they also regard the area available for the village livestock as insufficient, which is confirmed by the grazing pressure calculations (Fig. 4) . Only in Atabey, most interviewees rated the pasture quality as good and area as sufficient for the village livestock as confirmed by the comparatively good results in the ecological assessments and the low stocking rate. In Plankend, villagers rate the pasture quality as rather bad because of a high share of visible open soil and low vegetation height while ecological indicators do not show the severity of problems seen by villagers. Moreover, villagers consider the small area as insufficient for the village livestock as indicated by the high stocking rate (Fig. 4) . On the contrary, villagers in Gombori and Shakhvetila stated that their pasture areas are reduced by reforestation, subsequently minimizing the fodder basis for their livestock. In Shakhvetila most cattle grazing nowadays even takes place in bushy areas or in forests.
Thus, the evidence shows that the pasture quality perception by villagers partly matches the result of the ecological investigations and the stocking rate calculations. We conclude that the dynamics of the Tragedy of the Commons archetype are most prevalent in the case study villages Plankend and Arashenda, but also in Keremli, while no or only limited evidence of overstocking problems can be found for Atabey, Gombori, and Shakhvetila.
The mechanisms of the Tragedy of the Commons archetype are further confirmed by the fact that in none of the case study villages is resource use by villagers constrained by rules limiting livestock numbers (GS5), despite the growth in livestock numbers in the region in recent years (S1, S2) and pasture users' awareness of the limits of their pasture resources (U7). In the interviews with villagers, intensified use was explained with lacking access to alternative grazing resources and the need to earn income, pointing to the individual incentives for overuse (RU5, U8, R1, and R2 in Fig. 3 ). According to the villagers, overstocking of the pastures already leads to losses in the profitability of livestock keeping as the productivity of livestock decreased or additional supplementary fodder increased costs (O1). This provides evidence of decreasing gains from village pasture use as represented in the archetype with R3 and R4.
Solving the Tragedy of the Commons archetype
Breaking the vicious dynamics leading to the depletion of resources could be achieved by communication resulting from a dissatisfaction about decreasing individual gains from livestock keeping on village pastures and a subsequent agreement on a rule (balancing loops B7 and B8 in Fig. 3 ). Reduced village pasture net gains might increase communication and rule development, thus decreasing the individual village pasture stocking and the total village pasture stocking below the capacity threshold. A successful completion of this feedback loop could potentially result in a situation of long-lasting successful commons management as described by Ostrom (1990) .
Evidence that communication and rule development could solve the archetypical problem of overstocking on village pastures is provided by the results of the field experiments on pasture management conducted in the case study villages. The field experiments, in a setting with five players, reproduce the basic situation of the archetype. The effect of communication can be studied by comparing the treatments without and with communication for the indicators pasture quality, indicating the effect of total grazing intensity on the pasture, and payoffs, i.e., individual gains from stocking on the game pasture (Table 5 ).
The evidence confirmed that mutual communication significantly enhanced the capacity of players to avoid overstocking of their game pastures (I2 , Table 5 ). Yet, the effect of communication differs between the Georgian and Azerbaijani case study villages, while the treatment without communication shows no significant difference between countries. The effects of communication are particularly high in Georgia as visible in higher payoffs and considerably improved pasture quality once participants were able to communicate. For the Azerbaijani cases, in the treatment without communication the number of pastures of good quality is higher than in the Georgian cases because of comparatively https://www.ecologyandsociety.org/vol24/iss3/art5/ lower stocking intensities, indicating a higher awareness of the danger of pasture degradation from the real situation and comparatively careful stocking decisions. Because age and gender of the participants were not significantly different between the country groups, a direct influence of these factors can be ruled out. As indicated by the questionnaire accompanying the field experiments, in Azerbaijan coordinated and strategic approaches were chosen from the very beginning in the treatment without communication. However, when communication was possible, players of the Azerbaijani villages showed more often individualistic approaches, i.e., strategies were discussed but finally not executed because no mutual agreement was found or individual players exhibited free-riding behavior. The effect of communication was particularly low in Keremli and Plankend. In contrast, in Georgian case study villages players were claiming not having had a strategy but that they were reacting to the strategies of their coplayers as soon as communication was possible.
Thus, the game results indicate that case study villagers have a capacity and willingness for cooperation, although the effect of communication points to higher problem-solving capacities and mutual trust in the Georgian villages. The field experiments therefore support findings by other authors stating that communication enhances coordinated action and the capability to reach mutual agreement and cooperation (Ghate et al. 2013, Lopez and Villamayor-Tomas 2017) .
Likewise, in reality, villagers in the case study villages with problems of overstocking engaged in discussions on how to develop rules to limit stocking rates as confirmed by interviews. In the case study village of Plankend, villagers already held village meetings to discuss the deterioration of their village pasture and made proposals on rule design, such as pasture resting. Also, villagers in Arashenda and Keremli discussed possible solutions aiming at rule designs, e.g., on rotational grazing, fencing, pasture care, the improvement of animal roads, etc., among each other. However, in none of the villages could inhabitants agree on changing the overall management of their pastures.
What is more, participant observation of the field experiments indicated a tendency to entrust decisions to one "leader" or "facilitator" (U5). This game observation, particularly for the Azerbaijani case study villages, was confirmed as also holding true for the lifeworld of villagers by the diverse statements during several workshops, where the necessity of having an actor take the lead on solving pasture management problems was addressed.
A factor particularly inhibiting self-regulation of pasture stocking rates are the lacking management rights of villagers over their village pasture in Georgia (GS1, GS4). Because there is no legal backing for rule development and implementation by villagers, the process is inhibited. Hence, discussions of pasture management in Georgian villages are often linked to the demand for official assignments of property rights prior to self-governance attempts on a local level. Thus, we emphasize that locally accepted types of informal or formal social leadership (internal leadership) and a supporting legal environment are additional high-leverage factors for solving the Tragedy of the Commons archetypical problem (Fig. 3) .
Mobility as a way out? (Shifting the Burden archetype)
The Shifting the Burden archetype illustrates that short-term solutions to a problem often have side effects that exacerbate the original problem, while a long-term solution can only be achieved by a deeper understanding of the system. The archetype consists of two balancing feedback loops connected by a reinforcing feedback (Fig. 6 ): two balancing feedback loops represents a short-term fix (B1) and a possible long-term fix (B2), whereas the long-term fix is delayed through the negative influence of the reinforcing unintended consequence (Kim 2000b) . Fig. 6 . The Shifting the Burden archetype applied to livestock mobility as the short-term fix for overstocking problems (red) and its solution by communication and rule design (blue).
In the case study villages, these system dynamics apply to livestock mobility as a possible solution to overstocking on village pastures. As livestock numbers of villagers increase and the stocking rate exceeds the stocking capacity, villagers may decide to use other pastures with their livestock (RS3, U1, U2, RU5). Figure 7 illustrates with survey data from the case study villages that village pastures are used by the overwhelming majority of sampled households in the case study villages, and thus represents the most important grazing resource (U8). Approximately 87% of them use the common village pasture for at least two months in a year. Only 10% of the investigated households use summer pasture and 7% winter pasture resources, whereas especially in Plankend the share of households using summer pastures is highest (ECO3). Keeping in mind that in Plankend the least pasture area per household is available (Table 1) , this indicates a relation between livestock mobility and overstocking on village pastures. For Arashenda, this effect is not visible in the statistics for households in Figure 7 because a large share of the village livestock is kept in the mobile system by few households.
As confirmed in interviews with villagers, the decision to use other pastures, particularly during summer, depends on the fodder availability of the village pasture as well as the livestock holdings of the individual household (RS5, U1, U2). The scarce pasture area in Plankend virtually forces all households to switch to semimobile livestock keeping (Fig. 7 , Table 1 ). Households with more than 300-500 sheep may be advised to use other pastures also in Keremli and Arashenda, which have a comparatively larger pasture area. Thus, livestock mobility in the short-term resolves the initial problem of a high stocking rate by shifting grazing pressure to other pasture areas (B1).
Also in other villages in the region, increasing livestock numbers motivate livestock keepers to become mobile; in consequence this leads to an overall higher level of livestock mobility. Consequently, the increased mobility causes a higher stocking rate of summer and winter pastures until the point when these pastures also become overstocked and the regional pasture resources are reaching their capacity limits, which is indeed observed in Azerbaijan (Neudert et al. 2015) . At that point, the short-term fix of shifting livestock grazing pressure to other pastures is not effective any more. In addition, increased livestock mobility and capacity limits on summer and winter pastures lead to an increased demand for temporary use on village pastures in autumn and spring. This causes additional pressure on the village pasture resources with even increased livestock numbers. At that point, the short-term fix hits back and worsens the original problem (O2, R3 in Fig. 6 ). That trespassing and resting on village pastures exacerbates overstocking on village pastures was also confirmed in interviews with villagers. Thus, this problem constellation is especially visible for the case study village Plankend, but also partly for Keremli and Arashenda as indicated by the perception of villagers, high stocking rates, and the contribution of stakeholder groups to the grazing pressure (Fig.  4) .
A long-term fix would lie only in a limitation of stocking rates (B2). However, mobile livestock keepers tend to be even more sensitive to livestock number restrictions because for mobile farms to be economically profitable, economies of scale are required (delay mark in B2 in Fig. 6 ; Neudert and Allahverdiyeva 2009, Allahverdiyeva 2018) . Thus, the long-term reduction of stocking rates is even more difficult to achieve with mobile livestock keeping.
Solving the Shifting the Burden archetype
Because villagers see that trespassing and resting exacerbates the problem of overstocking, they partly react with communication, e.g. complaints and discussions, and rule making to exclude mobile pastoralists from using their village pastures (GS5, B4 in Fig. 6 ). As shown by interviews, in all case study villages rules limiting the temporary use rights of mobile pastoralists can be observed. Villagers differentiate between mobile pastoralists resident in the village, who are part of the village community, and mobile pastoralists resident elsewhere (U4). In all villages, rights for mobile pastoralists resident elsewhere are less extensive compared to villagers' rights (Table 6 ). Rights are gradually restricted, obviously dependent on the perception of pasture scarcity; thus, least rights are held in the villages with least pasture resources (RS3). Communication and conflicts mostly occur on the most far-reaching right granted in the village (I2, I4).
However, the strategy of limiting use rights for mobile pastoralists also represents a "shift of the burden" to other pasture areas, and thus might be effective only as long as mobile pastoralists have possibilities to sidestep by using other village pasture areas in the vicinity. For solving the region-wide problem, a better regulation and clarification of property rights for pastoral migration routes would be required, which is only possible at the regional scale with participation of diverse stakeholder groups. https://www.ecologyandsociety.org/vol24/iss3/art5/ Thus, the long-term solution of limiting livestock numbers should be pursued with increased efforts (B5). Discussions aiming at rule making to limit livestock numbers on a regional level are generally difficult and avoided at all costs by stakeholders. A high-leverage entry point would be to provide income alternatives for villagers, limiting their reliance on livestock keeping as an income source.
In the workshops held in the case study villages, participants in all villages agreed that alternative income sources are a crucial point to solve overstocking problems and would be highly welcomed.
Simultaneously occurring erosion and reforestation on the same village pasture (Success to the Successful archetype)
The Success to the Successful archetype helps to understand diverging patterns (success or failure) as largely driven by internal forces of the system once an initial situation is established. The archetype consists of two reinforcing feedback loops representing alternative allocations of resources (Fig. 8 ). An initially higher allocation of resources to R1 reinforces this cycle, while an initially lower allocation of resources to R2 lead subsequently to a decline of resource allocation to that cycle (Kim 2000b) . In the case study villages, these system dynamics can explain that overuse and erosion of some pasture plots coexists alongside with underuse and reforestation on other pasture plots on the same village pasture. Evidence for the existence of these problems is provided by the ecological investigations on pasture quality and the perception of villagers (O2).
As shown in Figure 5 , strong evidence for a low pasture quality was found particularly in the Georgian villages Gombori and Shakhvetila. Obviously, these differences in PDI values can be partly explained by more distinct erosion phenomena like the cover of erosion tracks (Fig. 9) , which are particularly prevalent in Gombori and Shakhvetila. This might be partly because of a more rugged relief and the fact that on pastures with steeper slopes and thus a low SEI value (Table 3) , like in Gombori and Shakhvetila, browsing and trampling are likely to cause greater damages (RS9). Fig. 9 . Box-and-whisker plots of "Cover of erosion tracks" on 100 m² in percent.
Moreover, on pastures with higher stocking rates the cover of the parameter sum of grazing indicator species is particularly high; generally, in Georgia these values are remarkably higher than in Azerbaijan (Fig. 10) . The plots' coverage with grazing indicator species, e.g. thistles, thorny, or hairy plants, reflects the grazing intensity history, showing that a considerable grazing pressure in these villages existed over a longer time period. Fig. 10 . Box-and-whisker plots of "Sum of grazing indicator species" on 100 m² in percent.
On the contrary, we find evidence for a higher cover of bushes (Fig. 11 ) especially for Gombori, Shakhvetila, and Keremli (partly also for Arashenda). This indicates that shrub encroachment processes are at work mostly with spiny bushes acting as pioneer species (RU3, Capistran Torres 2016). Because of shrub encroachment, the current pasture territory seems to be already significantly smaller than according to official sources. This is also confirmed by the perceptions on pasture quality by villagers. Fig. 11 . Box-and-whisker plots of "Bush and tree cover" on 100 m² in percent.
Thus, the evidence shows that erosion phenomena, high coverage of grazing indicators, and shrub encroachment exist on the same village pasture area, particularly in Gombori and Shakhvetila, but also in Arashenda and Keremli. This result is at first sight surprising.
The application of the archetypical processes can now explain the forces leading to these results: a low use pressure on one pasture plot leads to leftover standing biomass, particularly for less https://www.ecologyandsociety.org/vol24/iss3/art5/ Notes: XX: pronounced occurrence of this problem archetype; X: less pronounced occurrence of this problem archetype palatable plants, and thus a lower fodder quality in the next year (RU7). Thus, livestock tends to avoid this plot (R2 in Fig. 8 ).
Subsequently, on the underused plot reforestation occurs leading to a further decline of the fodder quality until the area is not useable for grazing any longer (R4). On the other hand, a high use pressure on other plots leads to a constant regrowth of fresh fodder and the suppression of grazing indicators, in consequence resulting in a higher use pressure by unmanaged livestock (R1). This might even lead to overuse of the respective area, as expressed by erosion and declining fodder availability of these plots (B3). A precondition for the dynamics of this archetype is that livestock is to a large extent left unmanaged or is only slightly managed (U9). The results of these dynamics are illustrated by the occurrence of strong erosion alongside a high cover of bushes as shown by the ecological investigations.
Solving the Success to the Successful archetype
In order to break up these dynamics, pasture management measures are necessary. This involves initial communication resulting from a dissatisfaction with the current situation and subsequently rule making on grazing management and pasture care measures (I2, I7). On the one hand, grazing management rules and conscious herding decisions are needed to establish a more even distribution of grazing pressure on the village pasture area (R5 and B6 in Fig. 8 ). On the other hand, pasture care measures can reverse and prevent reforestation on underused areas, and eventually technical measures and temporary grazing exclusion might be necessary to stop erosion in overused areas (B7 and B8).
As confirmed in the workshops, villagers in Gombori and Shakhvetila are already aware of the pasture management problems and engage in discussions (U7), however, internal rule making does not occur because of the unclear situation in property rights assignment (GS4). Villagers stress that machinery and knowledge needed for pasture care measures make the involvement of and investments by the regional administrations necessary (I6).
As a high-leverage entry point, a constant pasture monitoring might enhance the awareness of pasture management problems by all stakeholder groups (GS8). Currently, only a few rules on monitoring sustainable use by administrations are specified, and none of them was found to be implemented. In Azerbaijan, the "Land Code" specifies that each land user is obliged to use land sustainably (No. 695-IQ, 25.06.1999 , amendment 2.12.2008 . Monitoring should be implemented by land inspectors in each district. However, according to the interviewed land inspectors no official routines on monitoring erosion and unsustainable use are available. Pasture condition is assessed by the villagers themselves mainly by rating the productivity and condition of livestock, while no traditional knowledge of monitoring vegetation and soil became apparent. In Georgia, agricultural extension centers located at the municipalities have advisory functions regarding sustainable management, but no cases of actual advice to the village population were observed. An easyto-apply monitoring approach, which could be used by villagers themselves, might also help them to make informed decisions about further grazing management and pasture care measures.
Summarizing archetypical problems and solutions
Occurrence of archetypical problems of pasture management in the case study villages The three system archetypes helped to explain different recurring problems of village pasture management in the case study villages.
As evident from the case study material, the problem dynamics occur only in some of the case study villages and can be more or less pronounced (Table 7) .
In Table 7 , overlaps and linkages between the three archetypical pasture management problems become apparent. Although each problem can be seen and explained separately, overstocking (Tragedy of the Commons archetype) and mobility as a shortterm solution (Shifting the Burden archetype) are clearly interlinked. The result of the first archetype, overstocking, is the starting point of the second archetype, and in their interaction, both archetypes result in increased problem dynamics. This aligns with the observation in Table 7 that both problem archetypes occur in three case study villages at the same time.
The third problem archetype, simultaneously occurring overuse and underuse, is apparently another problem dimension. Linked to intermediate stocking rates, this archetype may only occur when the Tragedy of the Commons and Shifting the Burden archetypes are less pronounced (as in Keremli) or absent (as in Shakhvetila and Gombori). Nevertheless, the obvious management failures point to similar root governance problems as in the Tragedy of the Commons archetype. https://www.ecologyandsociety.org/vol24/iss3/art5/ Only in the case study village Atabey were none of the described problem archetypes found. The village has a comparatively large pasture area, where currently all village livestock, including livestock of resident semimobile pastoralists can graze without exceeding the stocking rate (Fig. 4) , thus overstocking and mobility as short-term solutions for overstocking do not occur. At the same time, the grazing pressure seems to be distributed rather evenly, so that simultaneously occurring overused and underused pasture patches were not found. Thus, the village represents a case with low use pressure and a comparatively well managed pasture area characterized by the absence of problem archetypes.
The self-governance solution archetype
The solution presented for all three archetypical problems relies on a common abstract structure as presented in Figure 12 . Typically, the problem archetype contains variables describing the behavior of actors (such as "A's Village Pasture Stocking" in Fig.  3 , or "Stocking on Village Pasture Plot A" in Fig. 8 ) and performance measures (such as "Village Pasture Net Gain for A" in Fig. 3 , or "Fodder quality on Plot A" in Fig. 8 ). These two variables describe the internal system dynamics in the archetypes (L1 in Fig. 12 ). The solution applied for all three archetypes builds on proposed self-governance: communication resulting from a dissatisfaction with performance measures initiates rule development intending to modify the behavior of actors (L2). Depending on the concrete formulation of behavior and performance variables polarity signs are added in the concrete solutions (Figs. 3, 6 , and 8). Thus, additional measures should aim at shortening the delays between communication and rules or rules and behavior, respectively. As crucial high-leverage factors influencing the success of rule-making processes in the case study villages, we identified internal social leadership and a supporting legal environment (Fig. 3) .
DISCUSSION AND CONCLUSION
In the preceding sections, we applied systems archetypes to explain recurring problems of village pasture management based on six case study villages in Azerbaijan and Georgia. We derived the archetypes of common village pasture management based on an iterative and multistep approach, which is recommended for system thinking and systems archetypes research (Luna-Reyes and Andersen 2003, Gharajedaghi 2011) . For corroborating system dynamics, we mostly relied on the triangulation of data collected with different methods. Thus, the derivation relied on a qualitative approach often used in case study research (Yin 2003) . However, in this study, no long-term historical data on the cases was available, although the temporal development of certain dynamics can be an indicator for the presence of archetypical dynamics (Kim 2000b) . Instead, for investigating cause-effect relationships related to resource scarcity, we relied on a comparative case study approach by selecting the case studies to represent different levels of resource scarcity (Yin 2003) . In a transdisciplinary approach, we included nonacademic knowledge and feedback from local stakeholders related to pasture quality and management. The chosen methodological approach is widespread in the system dynamics literature (Brzezina et al. 2017 , Tenza et al. 2017 as well as in modeling approaches involving stakeholders (Castella et al. 2005 , Lagabrielle et al. 2010 ), but goes beyond existing literature by engaging in an exceptionally holistic interdisciplinary analysis.
In the following, we assess how the archetypes of common village pasture management are linked to contextual factors and to each other. Furthermore, we discuss whether the archetypes found in the case study villages and their solutions are supported by other literature on pasture management.
Because the "pasture open to all" example describing the Tragedy of the Commons dynamics by Hardin (1968) is well known, the application of this archetype to pasture management problems suggests itself. Based on the underlying problem structure, this archetype rather represents a Tragedy of Open Access as pointed out by the work of Ostrom (1990) . At first sight, the pastures in the case study villages also show many features of a common property regime because the user group, the village population, can be clearly delimited and, at least in Azerbaijan, holds management rights (Neudert, Theesfeld, Didebulidze, et al., unpublished manuscript) . But, taking a closer look, crucial features of open access become apparent, such as the lack of regulation and limitation of stocking rates and the partly unregulated pasture access by mobile pastoralists. Thus, in the case study villages, the problem dynamics of this archetype are caused by a quasi-open access situation resulting from insufficiently specified rules of a collective use system. In the villages where the Tragedy of the Commons dynamics were not found, the number of households and livestock in relation to the pasture area is comparatively low, which is in line with theoretical considerations https://www.ecologyandsociety.org/vol24/iss3/art5/ of property rights theory (Bromley 1991) . Overstocking problems seem to be more frequent in the Azerbaijani compared to the Georgian cases, which is supported by other literature from the region (Didebulidze and Plachter 2002 , Raaflaub and Dobry 2015 , Neudert et al. 2015 ).
Mobility, as described in the second identified archetype, is a widespread strategy to reduce locally high grazing pressure in pastoral systems. It is mostly seen as an efficient way to use spatially and temporally heterogeneous fodder resources (Scoones 1994, Fernandez-Gimenez and Le Febre 2006) . For the postsocialist regions of Central Asia, lacking mobility is often seen as the most urgent problem, resulting in overuse near settlements and underuse in remote regions (Robinson et al. 2012) . A breakdown of pastoral mobility was also observed in the Caucasus region in the immediate transition period. However, contrary to countries like Kazakhstan, Kyrgyzstan, or Tajikistan, in Azerbaijan especially livestock mobility was reestablished comparatively quickly. Socioeconomic interests in livestock keeping have led to an unprecedented growth in livestock numbers (Neudert et al. 2015) , leading also to high stocking rates in the mobile livestock keeping system and thus to the described problem dynamics. In Georgia, remote areas still remain underused, while in some areas overstocking can be noted (Didebulidze and Plachter 2002) . Thus, the problem dynamics of the second archetype develop out of a local overstocking problem as described by the first archetype. The reinforcing feedback aggravating overstocking on village pastures is caused by the fact that migration routes for mobile pastoralists run through regions with sedentary livestock keeping. This competition between sedentary and mobile livestock keepers as well as overstocking of rangelands caused by economic and socio-demographic factors are also well-known problems from the African context (Basupi et al. 2017 , Holechek et al. 2017 , Tamou et al. 2018 . Thus, although interrelations between grazing intensity and mobility are widespread in pastoral systems, whether the concrete problem dynamics of this archetype occur elsewhere in vertical pastoral mobility systems beyond the Caucasus region requires further investigation.
The archetypical problem of simultaneously occurring over-and understocking as described by our third archetype is at first sight counterintuitive: initially, enough grazing area is available, but the reinforcing internal dynamics lead to an unbalanced allocation of grazing pressure, and areas become unusable because of reforestation and erosion. That herbivores develop preferences for certain areas in spatially heterogeneous landscapes is well known from rangeland literature, leading to increased spatial heterogeneity in the landscape and the development of woodland pastures (Gillet 2008) . Grazing selectivity was found to increase at lower stocking rates, with lower abundance of high-quality grazing areas and with rough terrain (von Müller et al. 2017 , Töth et al. 2018 . This corresponds well with our results because the archetype occurs mostly in villages with intermediate stocking rates, and effects on vegetation are most pronounced in villages with rough terrain. Negative effects, such as decreased quality and availability of fodder, were also predicted in modeling studies (Töth et al. 2018) . Problems with heterogeneous distribution of livestock grazing despite moderate grazing intensities were noted earlier especially for Georgia (Didebulidze and Plachter 2002, Raaflaub and Dobry 2015 ; Gebhardt unpublished manuscript).
The patterns of occurrence of this problem archetype and its directly linked SES input variables shows that it represents a different problem dimension that does not show close linkages to the other problem archetypes. A main associated input variable is insufficient grazing management under moderate grazing intensities. Although the dynamics of selective grazing are well known to the rangeland literature, the consequences for pasture conditions as observed in the case study villages seem to be stronger than elsewhere.
The discussed interventions aim at identifying high-leverage factors for the solution of all archetypes of common village pasture management. The solutions of archetype one and two aim at establishing sufficiently specified rules for pasture use and measures to decrease grazing pressure. Because both problem dynamics are strongly interlinked, solutions should take them into account simultaneously, and several interventions need to be combined.
Changing the situation on village pastures into a comanagement between administrations and the local population would be one crucial factor. Besides communication and rule design, as mentioned in the solution archetype, other factors might play a role to make commons management effective (Ostrom 1990 , Reid et al. 2014 , Dörre 2015 , Milupi et al. 2017 . We especially stress leadership and the supporting legal environment recognizing the decision rights of villagers as hampering efforts to improve the Georgian situation. Social leadership and state recognition of property regimes have also been emphasized as important factors for successful commons management in the literature (Alden Wily 2018). However, focusing on village pastures alone is not appropriate because important parts of the system, the regional livestock mobility as described in the second archetype, would be ignored. Thus, in addition, regional governance structures should be strengthened to negotiate and clarify property rights with mobile pastoralists in a moderated, participatory process. Typically, pastoral SES involving mobility are governed by fuzzy or open access regimes, which nevertheless have the potential to be sustainable (Goodhue and McCarthy 2000 , Moritz et al. 2018 . Hence, to further limit livestock numbers in the mobile system, other integral parts of that system, especially access to summer and winter pastures, need to be regulated so as to enhance sustainable use (Neudert 2015b) . However, with the increasing size and diffuseness of the system, the solution archetype of self-governance is increasingly difficult to implement, and well-designed supporting state regulations, e.g., taxes and other market-based instruments, may have a relative advantage . In addition, to reduce the root cause of both archetypes, high livestock numbers, and economic needs, income alternatives and the economic development of rural areas should be supported.
Because the Success to the Successful archetype represents another problem dimension, solutions may be found relatively independently from the other two problem archetypes, but nevertheless linkages exist. Because grazing selectivity is strongly influenced by management and biotic factors (von Müller et al. 2017) , our solutions aiming at enhancing grazing management and pasture care are in line with the rangeland literature. Improved knowledge on pasture condition through monitoring and enhanced grazing management might also be beneficial in https://www.ecologyandsociety.org/vol24/iss3/art5/ case of overstocking problems. Changes in management should be discussed, implemented, and enforced within improved structures for local self-governance.
The solutions archetype, aiming to enhance self-governance in order to break up problem dynamics, is an abstracted, proposed archetype that potentially has validity for common-pool resource management beyond the case study region. In its structure it resembles explanatory models for the emergence of common-pool resource management Bravo 2016, Ghorbani et al. 2017) . Although other potential solutions, e.g., the design and enforcement of externally designed rules or the privatization of common pastures, were discussed within the researcher team, we stress, in accordance with local stakeholders, local selfgovernance as a solution with high potential for sustainable development in the region. This might include nested governance structures across scales, e.g., for solving the Shifting the Burden archetype applied to regional livestock mobility. The proposed solutions also assign an important role to the state when it comes to establishing supporting governance structures, e.g., recognition of local level governance in Georgia or establishing knowledge and infrastructure for pasture monitoring. Moreover, in cases of severe pasture management problems, establishing selfgovernance would not offer an adequate solution. Additional substantial investments, e.g., in technical measures for erosion control or initial investments in pasture care, would then be needed. Thus, despite the fact that we see self-governance as the core measure of sustainable resource management in the region, we argue for careful design and adaption of measures to the local context (Acheson 2006, Ostrom and Cox 2010) .
Case studies and modeling with stakeholder participation generally have their strengths in depicting case-specific processes and raising acceptance with stakeholders, while a general validity cannot be assumed (Castella et al. 2005) . By applying the systems archetype approach to multiple, contrasting case studies, we attempted to identify recurrent patterns of pasture management problems with potential relevance for common pasture management in the Caucasus region and beyond. The archetype approach provided us with the opportunity to reach a middle level of abstraction and validity of the processes beyond the individual cases while avoiding an overgeneralization of processes (Oberlack and Eisenack 2018) . The methodological approach led us to the identification of three archetypical processes describing the most prevalent problems in the six case study villages.
Examining the occurrence of three archetypes in six similar case studies allowed for a new perspective on the combination of archetypes across cases. System archetypes and other applications of the building-block approach to archetypes have explored the combination of several archetypical patterns in one case (e.g., Banson et al. 2016) or define archetypes as derived from multiple cases (e.g., Oberlack et al. 2016, Oberlack and Eisenack 2018) . Yet, an explicit comparison of cases as shown in Table 7 allows for a deeper understanding of the linkages between archetypes. This analysis of interactions between archetypes can be extended further to analyze networks of archetypes, similar to Kimmich and Villamayor Tomas (2019) .
However, the identified archetypical processes should be seen as proposals for archetypes, while the validity of these models beyond the present case needs to be tested with further data independent from the cases used for archetype derivation. In addition, further research is needed on the limits of validity for the archetypes. Fully validated archetypes might also provide potential for the transfer of policy approaches for sustainable pasture management as suggested in the solutions for archetypical problems (Eisenack 2012) .
From a theoretical perspective we see great potential for further synergies in the simultaneous application of the SES framework and system archetypes. The SES framework focuses primarily on context factors influencing interactions and outcomes, whereas feedbacks and internal dynamics are formally integrated but seldom analyzed explicitly. In contrast, system archetypes focus nearly completely on internal dynamics while causal context factors are underemphasized. We argue similar to Trosper (2005) that it is necessary to take into account both contextual factors and internal dynamics to achieve a complete explanatory model for social-ecological systems. Beyond the application of system archetypes to social-ecological systems, a better conceptualization of context factors could also help to advance system archetype theory.
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